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To ?till, 7th,07), it Tinctly concern: 
Be it known that I, ROBERT CREUZBAUR, 

of the city of New York, (Brooklyn,) in the 
county of Kings and State of New York, have 
invented certain new and useful Improve 
ments in Motors; and I do hereby declare the 
following to be a full, clear, and exact descrip 
tion of the invention, such as will enable oth 
ers skilled in the art to which it pertains to 
make and use the same, reference being had to 
the accompanying drawings, which form part 
of this specification. 
My invention relates to that class of motors 

in which a constant mass of elastic fluid is 
alternately heated and cooled, with conse 
quent increase and decrease of its pressure 
or volume, or both, during each cycle of the 
working piston's motion, such different pres 
sures acting constantly upon such piston, 
without intervening valve, no exhaust of such 
fluid taking place. The type of such motors 
is best illustrated by the Stirling air-engine 
as patented by James Stirling and by Robert 
Stirling in 1816, 1S27, and 1840. 
The objects of my improvements in such 

motors are to provide for, first, a reciprocat 
ing displacer, which shifts the fluid from the 
hot to the cold parts of its surrounding fluid 
chamber, when such displacer is constructed 
of two or more hollow sections separated by 
non-conducting packing, so that the heat in 
the hot end of the displacer is prevented 
from wasting into the cold end thereof; sec: 
ond, a reciprocating displacer shaped as a 
frustum of a cone or tapered on the outside 
at both ends, with intermediate parallel sides 
longer than its stroke, with a corresponding 
shape of its surrounding fluid-chamber for 
the purpose of increasing the fluid-chamber 
surfaces which are laid bare by the end 
motions of the displacer; third, a recipro 
cating tapered displacer which contains the 
heat storing and transmitting regenerator; 
fourth, a reciprocating displacer guided ap 
proximately midway by a stationary pack 
ing-ring, which also causes the fluid to pass 
through the regenerator located in the dis 
placer and prevents its passage along the 
outside of the displacer; fifth, a pressure 
regulator which automatically controls and 
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maintains the desired mean pressure within 
the fluid-chamber; sixth, the construction of 
the main shaft in sections so arranged that the 
lead of the displacer can be varied in accord 
ance with the more or less rapid action of the 
elastic fluid used as the expansive medium in 
the motor; seventh, the combination of a 
pump with such a motor, so that the pump 
draws its water through the jacket surround 
ing the cooling-chamber of the motor; eighth, 
in a single-acting motor driving a pump, the 
displacer and the pump-piston so arranged 
with their connections that they move in 

combination, in one vessel, of the heating and 
cooling chamber on one side of the working 
piston and the cushion and pump-chamber on 
the other side of the piston; tenth, in a sin 
gle-acting motor a cushion-chamber with an 
automatically-controlled inlet-valve from a 
Source of supply of elastic fluid and an auto 
matically - controlled outlet into the elastic 
fluid chamber on the opposite side of the pis 
ton for the purpose of controlling the pressure 
in the motor. I attain these objects by the 
mechanism illustrated in the accompanying 
drawings, in which- ? 

Figure 1 is an elevation of the motor, partly 
in section, with a pump attached. 
a vertical central Section, cut in a plane at 
right angles to Fig. 1, with some of the cen 

section on the line A A, Fig. 2. Fig. 4 is a 
plan of the crank-shaft on a larger scale, partly 
in section. Fig. 5 is a vertical mid-section 
looking in the same direction as Fig. 1 and 
representing part of the apparatus on a larger 
scale. Fig. 6 is a cross-section, and Fig. 7 a. 
horizontal central section, of the valve 2, on 
the left in Fig. 5, on a larger scale. 

Referring to the drawings, B is the base or 
pedestal. 
C C' is the fluid-chamber. 
I is the displacer. 
L is the regenerator, which is arranged 

within the displacer and moves with it, and 
N is the working piston. 
H is a pump arranged at the top of the 

motor. 
The fiuid-chamber CC" is formed of a heated I oor 

unison; ninth, in a single-acting motor the 

tral parts in elevation. Fig. 3 is a horizontal 
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shell or vessel C9 beneath and a cold shell Cl by the heat conveyed from such fire into the 
above, the two being separated by a non-con 
ducting packing C, of asbestos or other suit 
able material. The shells Cand Care made 
with double walls forming jackets. The shell 
C is heated in any suitable way, while the 
shell C is kept cool by radiation or by pass 
ing water through its jacket. 
The piston N is fixed to a tubular rod n, 

which passes out through a stuffing-box at 
the top of the fluid-chamber and is connected 
by a forked rod Q to a crank r on the crank 
shaft R. R. The displacer I is fixed to a rod 
IK, which passes out (through the tubular 
rod n) and is connected through the medium 
of a cross-piece it, Fig. 1, and rods it to a 
cross-piece t, which is connected by pitmen 
S S to cranks S S on the shaft R. R., these 
cranks being set in advance of the crank r 
to give the displacer the requisite “lead’ 
over the piston. 
In general the operation of this motor is the 

same as that of the said Stirling air-engine. 
The descent of the displacer forces the air, 
vapor, or other fluid medium in the hot part 
C of the fluid-chamber to flow up through the 
regenerator L into the cold part C" of said 
chamber, whereby the air or vapor is cooled 
and contracts. During the upstroke of the 
displacer the air or vapor is forced back 
through the regenerator, from which it reab 
sorbs the heat it had previously imparted to 
it into the hot end of the chamber, whereupon 
it expands. The expansion of the air or vapor 
beneath the piston forces it upward, thereby 
giving an impetus to the crank-shaft and fly 
wheel, and the contraction of the air or vapor 
permits the piston to be returned downward 
by the momentum of the rotary parts. 

I will now proceed to describe in detail the 
construction of my motor. 
The shells C8 and C are constructed with 

numerous heat-conducting pegs or cross-bal's 
CC, crossing the jacket between the inner 
and the outer shell. These pegs C serve the 
Quadruple purpose of, first, intercepting and 
dispersing the heat-conveying medium pass 
ing through the jacket; second, receiving heat 
from or conveying heat to such medium; 
third, conveying heat from one wall to the 
other wall, thus giving to the inner face of 
the fluid-chamber greater capacity to give out 
heat to or absorb heat from such contained 
fluid, and, fourth, giving to the vessels CC 
greater rigidity and strength. In the heat 
ing vessel C these pegs C convey heat to the 
inner wall, and in the cooling vessel C the 
pegs carry heat from the inner wall to the 
outer Wall. 
The heat pegs or lugs need not necessarily 

extend into or to the outer walls of the re 
spective jackets, being mere projections from 
the inner walls and so constructed that they 
will fulfil the first and second of the condi 
tions above stated. 
The heating vessel C may be heated in va 

vessel's jacket, or by a gas or oil flame un 
der it. 
The drawings represent the heating-shell 

C8 as being heated by gas-jets from a circu 
!ar burner D. 
D' is fire-brick surrounding the gas or oil 

flame, formed with staggered or overlapping 
top openings, so that the heat and flames are 
reverberated, thus producing more perfect 
combustion. 
E is a plate supporting the fire-bricks with 

openings e to admit air. The quantity of air 
admitted is regulated by a register plate or 
disk e', having corresponding air-openings, 
which plate is revolved in order to open or 
close the openings, as desired. The spent 
fire-gases either escape at openings FF, Fig. 
1, or collect in the circular channelf, Fig. 5, 
and are carried off by a chimney f. 
The jacket of the cooling-shell C has one 
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or more inlets G. G', Fig. 1, and one or more 
outlets g g', through which when air is the 
elastic medium used in the motor Water flows, 
entering at G and passing out at g on its Way 
to the pump H, or when less heat is to be 
thus extracted the water may enter at G and 
flow out at G', or it may enter at 9 and flow 
out at g'. These ports may be duplicated on 
opposite sides, making four ports G G be 
low and four ports g g above. 
When steam is used as the elastic medium 

in the motor, no water is passed through the 
jacket of cooling-shell C+, as the steam con 
tracts by the loss of the heat which is trans 
formed into the work it does, as well as by 
the loss of the heat absorbed by shell C. 
The better to control the contraction of the 
steam, so as to avoid undue resistance while 
the steam is being returned to its smaller vol 
ume by the return or down stroke of the work 
ing piston N, the ports G. G' g g may be more 
or less opened, so as to cause a current of air 
to flow through the jacket of shell C. 
The displacer I is divided transversely into 

two or more sections, which are insulated 
from each otlher in order to prevent or ob 
struct the passage of heat from one to an 
other, thereby reducing to the utmost the 
waste which ensues from the transmission of 
heat, from the hot to the cold end of the dis 
placer. I construct the displacer of three 
sections i, i', and i°, the former being the 
hot section, the latter being the cold section, 
and the intermediate one the neutral section. 
The hot section is always in the heating ves 
sel C8 and the cold section is always in the 
cooling vessel C, but the neutral section is 
partly in one vessel and partly in the other, 
being shifted back or forth as the displacer 
reciprocates. EBetween the Sections are lay 
ers of non-conducting packing of any 
material which is a poor conductor of heat, 
asbestos being preferred. The three sections 
are made as hollow shells, the air confined 
in them contributing to render them non 

rious ways, either by a grate-fire under it, or conductive of heat, or they may be filled with 
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lon-conducting material. I make the pack 
ing to extend across the hollow spaces, 
whereby the confined air is divided into three 
chambers, whereby any circulation of the air 
from a hot to a cool portion of the displacer 
is prevented. 

I am aware that a piston-shaped displacer 
has been made of two hollow shells packed 
with asbestos and separated by metallic pack 
ing-rings and inclosing a single air-space be 
tween the two shells. In this construction, 
however, the two shells are in metallic, and 
consequently conductive, connection with 
each other, so that a considerable leakage of 
heat must necessarily occur from the hot to 
the cold shell. To reduce this, the displacer 
referred to is formed with a water-jacket om 
its cold side in order that the heat thus con 
ducted to the cold side may be taken up by 
the Water. 
My invention renders the water-jacket un 

necessary, thereby dispensing with the tele 
scopic pipes, packings, and pump which are 
necessary to conduct Water to and from a 
moving piston, and consequently greatly sim 
plifying and cheapening the apparatus, while 
maintaining the higher efficiency due to keep 
ing the displacer hot on its one side and cold 
On its other side. - 
The three sections of the displacer are made 

of annular form, each of the shells having a 
cylindrical opening formed through its cen 
ter. Inside of these openings is placed a 
tube i', which serves to aline the sections and 
prevent their lateral displacement. The sec 
tions are held together by means of the rod 
K, which has a shoulder formed on it where 
it enters the top of the displacer, and its 
lower end screws into a socket formed at the 
bottom of the section i, as shown in Fig. 5. 
The displacer I is guided on the top by its 

rod Kand midway by a packing-ring M, which 
is split or otherwise grooved, so that con 
densed steam can trickle through or past it 
into the hot chamber C. The drawings show 
the ring M to be axially stationary, whereby 
the cheaper finish of the part of the displacer 
sliding upon the ring takes the place of the 
more costly corresponding finish of the cool 
section of the shell, which would be necessary 
if the ling were incorporated in the cool sec 
tion of the displacer, as in usual piston-pack 
ing; but it is evident that the ring may be 
applied in either way. The displacer is to 
have a clearance of from one sixty-fourth to 
one thirty-second of an inch all around, ex 
cept where its middle section "is guided by 
the said packing-ring MI, so that the pressure 
upon the displacer is balanced all around it. 
The displacer may be formed of a cool sec 
tion and a hot section only, omitting a neu 
tral separate intermediate part i', which in 
such case is incorporated with the cool part 
iº, so that the parallel part working in con 
tact with the packing-ring will remain at a 
low temperature. 

I, between the rod K and the tube it is filled 
up with thin metal strips separated by their 
thickened edges and by longitudinal ridges 
formed upon them, so that about half such 
space is filled up with such metal strips 
throughout the tube i', leaving the spaces be 
tween the strips about one thirty-second of 
an inch for the passage of the elastic fluid 
through the displacer, the upper end of sec 
tion and the lower end of section i being 
formed with ports, as indicated by the arrows. 
These ports may be formed in loose pieces, 
held in place by rod K. The motor may be 
used without a regenerator, particularly when 
steam or other vapor is the medium applied. 
In such case the regenerator-space and the 
guide and packing-ring M may be omitted 
and the displacer guided at the bottom, as 
shown in my Patent No. 210,840, of date De 
cember 17, 1878. The vapor will then flow 
around the exterior of the displacer in pass 
ing from one chamber CC' to the other. 
The displacer is formed with its ends ta 

pered, and the chambérs C Care correspond 
ingly shaped. When the displacer is at its 
extreme upstroke, as shown in Figs. 1 and 5, 
its upper section i° conforms to and fills the 
cold chamber C, (up as far as the extreme 
downstroke of the piston,) leaving around it 
only the slight clearance above mentioned of 
from one sixty-fourth to one thirty-second of 
an inch. Thus the fluid is as far as possible 
displaced from the cold chamber, while at the 
same time the hot chamber beneath is ex 
panded to its utmost capacity, there being a 
wide space all around between the section i. 
of the displacer and the wall of the cham 
ber, as shown. When the displacer is at 
extreme downstroke, its lower section com 
pletely fills the hot chamber, (excepting only 
the clearance before specified,) while between 
its upper section and the Wall of the cold 
chamber there is a considerable space. Thus 
in each of the chambers C C the space or 
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clearance around the displacer widens and 
narrows as the displacer reciprocates, so that 
the fluid is forced to circulate thoroughly 
over the entire surface of both chambers. 
This construction constitutes an important 
feature of my invention, resulting in a de 
gree of efficiency in the heating and cooling 
of the fluid that is unattainable in a motor 
having a cylindrical displacer working in a 
cylindrical chamber, since in such motors the 
clearance around the displacer being of un 
varying width becomes filled with fluid, which 
remains comparatively quiescent when fitted 
with a packing-ring and a central regenera 
tor, and hence the surface covered by such 
fluid becomes comparatively inert or ineffect 
ive. Furthermore, by my construction the 
displacer may have a much shorter stroke, 
since at each reciprocation a heating or cool 
ing surface several times the length of the 
stroke is laid bare. 
The tubular rod 1 of the working piston N 

The regenerator is formed thus: The space i passes out through a stuffing-box in', Fig. 5, 
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and is firmly attached by gland n° to an outer 
sleeve P, which carries the wrist-pins p' p' 
and serves as a cross-head by sliding upon 
the stuffing-box casing n, thereby greatly 
reducing the required space between the stuff 
ing-box and the crank-shaft. 
The forked connecting-rod Q is attached to 

the wrist-pins p' p' and to the crank r in the 
usual way, thus giving motion to the crank 
shaft R. R. R. and to the fly and band wheels 
attached thereto. 
The rod K, which carries the displacer I, is 

packed within the working piston by a pack 
ing IK", retained by gland K, and by a pack 
ing under the upper gland' ? * above named. 
The space between these two packings may 
be filled with glycerin or similar viscid and 
suitable fluid. 
The displacer receives motion as follows: 

Duplicate eccentric wrist pins or cranks SS 
on crank - shaft sections R, R give motion 
through connecting-rods S'S' to cross-bar T, 
guided by guides t t. This bar T has two 
arms tt', Figs. 1 and 3, extending at right 
angles, forming a cross. From the ends of 
these arms t t rods it, Fig. 1, extend down 
and take hold of bar U, Figs. 1 and 2, to 
which the displacer-rod K is centrally at 
tached. When a pump His used, the piston 
rod h of its piston his centrally attached to 
the cross-head Tl' ti', so that the pump-piston 
h° and the displacer I move in unison, the 
downstroke of the displacer being the work 
ing strolke of the single-acting piston /*. The 
suction-valve is v, v' is the delivery-valve, 
YY the suction air-chamber, and Y the de 
livery air-chamber. When the motor is used 
with air, the Suction of the pump is connected 
to the jacket or shell Cat g or g', so that the 
water which enters the pump is drawn through 
the cooling-jacket. Heretofore water has been 
forced through the cooling-jacket after leav 
ing the pump, thus rendering its discharge 
circuitous and necessitating that the shell 
shall be made enough stronger to enable it to 
withstand the added pressure of the water. 
With my arrangement the water in the cool 
ing-jacket is at less than atmospheric pres 
sure. When no pump is used, the pillow 
block frames V V are extended up high enough 
to support the guides tt. 
The displa?er I has more or less “lead,’ 

about seventy degrees when air is used, and 
less when steam is used, varying also with 
the speed at which the engine is to be run. 
To illustrate, when the piston has completed 
its working stroke, with its crank-pin on the 
upper dead-point, as in Fig. 2, the displacer 
has performed part of its downstroke to the 
extent of about seventy degrees between their 
respective crank-pins. This gives the elastic 
fluid time to contract by the loss of heat while 
the piston crank-pin is passing its dead-point 
and allows the piston to return with greatly 
reduced opposing pressure. To be able to 
regulate this lead according to the require 
ments, the crank-shaft is made in three sec 

tions-the middle section R', Fig. 4, which in 
cludes the central crank r and the two bear 
ings 88, connected by disks n' r", and the two 
end sections R. R., each comprising a Wrist 
pin or crank S and a shaft extension carry 
ing the fly-wheel, joined by disks 'r'. These 
sections R. R. R. are joined together by disks 
18 , bolted together, as shown, a central stud 
on disk entering a corresponding hole in 
disk nº. The bolt-holes on one disk are dif 
ferentially located from those in the other 
disk, so that only two opposite bolt-holes will 
match, it being necessary to revolve the disks 
on each other to get two other bolt-holes to 
match, thus giving the means for reducing or 
increasing the lead of the displacer, or one 
or both disks in may be suitably slotted to 
admit of their being rotated in reverse direc 
tions when their clamping-bolt is slackened. 
Any suitable adjusting device may be applied 
to these disks, so that one may be turned rela 
tively to the other within the limits demanded 
in practice. In fact, any construction by 
which the cranks or wrist-pins S S may be ad 
justed relatively to the crank r in order to 
vary the lead of the displacer is within the 
scope of my invention. 

I will now proceed to describe the method whereby the gaseous pressure within the mo 
tor is regulated. Above the piston N is a 
cushion-chamber W of a maximum capacity 
of about 1.25 times the piston displacement, 
more or less, its capacity depending upon the 
piston - pressure desired. To the cushion 
chamber W is connected a regulator 2, (shown 
in Fig. 5,) which is provided with a valve 3, 
opening toward the chamber W. When air 
is the fluid used in the motor, the regulator 
2 may be omitted, the valve 3 in such case 
opening directly from the atmosphere, or the 
regulator may be used by providing an air 
opening into it-as, for instance, by remov 
ing the closed guide plug or cap 4 shown 
and substituting for it an open guide-plug 
through which the atmosphere has free ac 
cess. From the cushion-chamber W a pas 
sage at extends around the piston and opens 
into the fluid-chamber at a point ac', Fig. 5, 
beneath the lowest position of the piston. 
In Fig. 5 is shown the preferred construction, 
wherein an inlet-valve Z is provided, acting 
to close the passage to any pressure tending 
to escape from the chamber C", but to freely 
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open to admit a flow into said chamber. 
The air confined in the cushion-chamber W is alternately compressed and expanded by the 
movements of the piston. If when it is expand 
ed to its ut most at the extreme downstroke of 
the piston its pressure falls below that of the 
atmosphere, air is drawn in through valve 3 
to equalize the pressure. Upon the upstroke 
of the piston the confined air is compressed. 
At about the same time the pressure beneath 
the piston is at its minimum, having been re 
duced partly by reason of the expansion due 
to the upward movement of the piston, partly 
by its loss of heat converted into work done 
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in driving the piston upward, and partly by 
the loss of heat abstracted by the cold casing 
C'. If at the instant when the pressure be 
neath the piston reaches its minimum it is 
enough less than the pressure of the com 
pressed air above the piston to overcome the 
tension of the spring holding the valve Z. 
closed some of the fluid will pass through 
the valve into the chamber beneath the pis 
ton. Thus the minimum pressure in cham 
ber W is regulated by that of the external 
atmosphere, while the minimum pressure un 
der the piston is regulated by the maximum 
pressure in chamber W. 
To illustrate, let us assume that the capac 

ity of the cushion-space is such that the up 
stroke of the piston compresses the confined 
air from atmospheric pressure up to twenty 
Seven pounds per square inch. If at the same 
time the minimum pressure beneath the pis 
ton falls below twenty-seven pounds, enough 
air Will tend to pass from the cushion-cham 
ber through the valve Z to equalize at that 
instant the pressures above and below the pis 
ton, and When the pistoll reaches its lowest 
position the air above it will, owing to the 
portion it has lost, become expanded to less 
than atmospheric pressure, and will conse 
Quently replenish itself by drawing in a fresh 
quantity of air from outside. In this illus 
tration I have ignored the slight effect that is 
due to the pressure of the springs that seat 
the valves 3 and Z. It is to be understood that 
these pressure-valves are in action only at 
the starting of the engine for pumping up 
the requisite pressure and subsequently to 
replace any air that may escape by leakage 
or absorption. 
Of the motor they should remain inactive. 
The working pressure of the motor can there 
fore be raised or lowered independently of the 
temperature of the furnace-fire, the latter re 
lmaining constant, by diminishing or increas 
ing the dead-space in chamber W and the 
spaces connected there with, which may be 
done in various ways, adjustably or static. 
Inasmuch as air is more effective when 

Saturated with vapor, it is advantageous to 
employ the regulator-chamber 2, even when 
operating the motor as an air-engine, using 
it as an evaporator for moistening the enter 
ing air. For this purpose it is filled with 
water, and in order to vaporize this water the 
fluef for the escaping fire-gases is conducted 
to and around the regulator - chamber, as 
shown in Fig. 5. 
The valve Z may be constructed in various 

ways. The preferred construction is that 
shown in Fig. 5 and on a larger scale in Figs. 
6 and 7. To prevent the lodging of water in 
the valve-chamber 2', Fig. 7, this chamber is 
made to drain by locating the spring which 
closes the valve inside the hollow valve-stem, 
which is grooved lengthwise at the bottom, 
so as to drain the condensed water downward. 
The spring at One end abuts upon a trans 
verse pin 2', which passes through opposite 

Under the normal operation 

slots in the valve-stem, as shown, and pierces 
the valve-casing 2, and at the other end the 
spring abuts against a plug 2', screwed into 
the end of the hollow valve-stem. 

In cheaper engines it may be desirable to 
avoid the expense of the valve Z, in which 
case the construction of channel a a shown 
in Fig. 2 may be used. The channellac is here 
a valveless port, extending from the cushion 
chamber downward and opening into the 
chamber C at ac', just beneath the piston 
when the latter is at its extreme upstroke. 
Thus at this instant communication is estab 
lished between the opposite sides of the pis 
ton. Immediately the piston commences its 
descentit covers and shuts off the opening ac'. 
When steam is used as the elastic fluid, the 

atmosphere is excluded from the reservoir 2, 
and a valve 5 is attached to the top of it, 
opening into a condensing-chamber 6, this 
valve being loaded by a spring or by Weights 
77, so as to open at any pressure above that 
to be maintained in regulator - chamber 2. 
Thus when the valve 5 is opened by over 
pressure under it the vapor escaping through 
the valve is condensed in chamber 6 and re 
turns into chamber 2 as water when the Valve 
is again opened by overpressure. This valve 
5 and condensing-chamber 6 would be unnec 
essary if a constant pressure could be other 
wise maintained in regulator 2, and they are 
unnecessary when a variation of pressure is 
of no serious consequence, as in pumping Wa 
ter or propelling a boat. In such cases, al 
though steam be used as the elastic medium 
in the motor, the valve 5 and condenser 6 
are omitted. The reservoir 2 is preferably 
heated in every case. The valve 5 and the 
spring or weights 77 may be applied without 
the condensing-chamber 6, the surplus vapors 
in that case escaping into the atmosphere or 
otherwise. 
When the motor is double-acting-that is, 

without cushion - chamber W and in place 
thereof another heating and cooling cham 
ber C C and displacer I are acting upon the 
piston on that side, as shown in Letters Pat 
ent of the United States No. 210,840, issued 
to me December 17, 1878-a regulator-reser 
voir 2, with its attachments, is affixed to each 
fluid-chamber on opposite sides of the piston. 
When steam is used with a single-acting 

motor, the reservoir 2 might also be applied 
to the active side of the piston and the pres 
sure in the cashion-chamber W allowed to 
regulate itself. * 
Instead of a check-valve 3 between the res 

ervoir 2 and the motor-fluid chamber a slide 
or other valve opening periodically at a fixed 
period of the motor's cycle of motion might be 
used, the pressure in reservoir 2 being regul 
lated accordingly; but the simplest method 
of regulating the pressure in the fluid-cham 
bers of the motor on either side of the piston 
is by the use of a check-valve 3, as shown and 
described. 
For controlling the speed of the motor I 
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provide means for establishing communica- by its full contact in bulk with the hot sur 
tion between the opposite sides of the piston 
at will, thereby equalizing more or less the 
opposite pressures, and consequently depriv 
ing the piston of more or less of its power 
and reducing its speed. I employ for this 
purpose a passage or by-pass leading from 
one side of the piston to the other and a by 
pass Valve in said passage, which is normally 
closed, but which is adapted to be opened 
from the exterior either by hand or by the 
action of an automatic governor. In the con 
struction of engine shown in the drawings 
the valve Z is utilized as this speed-regulat 
ing valve in addition to its function as a 
pressure-regulating valve. For this purpose 
a Spindle 12, Figs. 5, 6, and 7, extends through 
a stuffing-box 13 into the chamber 2' of the 
valve Z, where the spindle is squared, and 
carries a toe 14, by which through the turn 
ing of the spindle 2 the valve Z is opened, 
and more or less of an equilibrium is estab 
lished on opposite sides of the piston. The 
toe 14 when tot in action is returned in to its 
normal position of rest, so as not to impede 
the free automatic action of valve Z when 
regulating the pressure of the fluid in the 
notor. On the outside the stem 12 is con 
nected in the usual way to a hand-lever, if 
the motor is to be controlled by hand, or to 
a governor, if it is to be regulated automat 
ically. While the valve Z is thus opened to 
check the speed of the motor, the mean pres 
Sure in Cushion-chamber W rises above its 
normal pressure for the best economy and 
power of the motor; but as soon as valve Z. 
is closed and ceases to be active as a speed 
governing valve it immediately comes into 
action as the pressure-regulating valve, re 
turning to the main fluid-chamber under the 
piston the fluid delivered into the chamber 
W to check the speed of the motor. In large 
motors a special balanced speed-governing 
valve is used, located in such a channel con 
necting the fluid-chambers on opposite sides 
of the working piston. 
By withdrawing the plug-screw 10 at the 

bottom of chamber C the water can be with 
drawn, so as to remove abrasions from the 
metal or other impurities apt to be present 
in a new machine. 
The Operation of the motor may now be de 

scribed in detail. With air as the elastic me 
dium, heat having been applied to the motor, 
a few turns of the fly-wheel by hand will 
pump in air under the piston until the pres 
Sure there is Sufficient to set the motor in mo 
tion. The delivery of more air under the 
piston will then continue until the minimum 
pressure under the piston has reached the 
maximum pressure over the piston and the 
minimum pressure over the piston has reached 
the pressure of the atmosphere. The dis 
placer being near its upper dead-point, as in 
Figs. I and 5, just commencing to move down 
Ward, the piston is moving upward, impelled 

faces of heating-shell C. In moving down 
ward the displacer forces the air under it 
through the regenerator in L, where it lodges 
most of the heat not absorbed by the Work 
done. More heat is absorbed by the cold sur 
faces of the cooling -shell C, through the 
jacket of which a current of water is caused 
to flow, as above described. The pressure 
under the piston after the latter has reached 
its upper dead-point is thus greatly reduced 
and the piston is enabled to make its return 
stroke, impelled by the fly-wheel, with far 
less expenditure of force than that exerted 
upon the piston by the expanding fluid dur 
ing its upward or working stroke. After the 
piston has made over half its return or down 
ward stroke the displacer begins to move up 
ward, forcing the cold air above it to pass 
through the regenerator, picking up the heat 
it lodged there on its upward course, and fill 
ing the space under the displacer, where it 
again comes in contact in bulk with the hot 
walls of the shell C° and is exposed to the 
radiation of heat there from. Its increase of 
pressure by the higher temperature thus im 
parted to it again causes the piston to move 
upward after completing its downward stroke, 
and so on. When steam is used instead of 
air, sufficient water is introduced into the 
elastic-fluid chamber through any convenient. 
opening—say, at 9, Fig. 2—to fill it with satu 
rated steam at maximum pressure and mini 
mum volume. The piston being in its up 
permost position, the water will run down 
through channel ac a' and through the split 
or grooved packing-ring M down into the hot 
chamber C, where it is formed into steam. 
After that no more water is introduced ex 
cept occasionally into the regulator 2 to make 
up for leakage, as described. 

I claim as my invention the following-de 
fined novel features, substantially as herein 
before specified, namely: 

1. A displacer tapered exteriorly at both 
ends to form frustums of cones, combined 
with a fluid-chamber having correspondingly 
tapered ends and an intermediate parallel 
portion of length at least equal to the stroke 
of the displacer. 
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2. A heating and cooling chamber tapered 
at both ends, combined with a displacer hav 
ing correspondingly-tapered ends, and a par 
allel middle portion of length equal to its 
stroke, and a packing-ring mounted in the 
chamber and acting on the parallel portion 
of the displacer. 

3. In a non-exhaust motor, a hollow dis 
placer shaped at both ends as a frustum of 
a cone or tapered upon the outside, and hav 
ing parallel sides between the coned ends, 
longer than its stroke. 

4. A reciprocating displacer constructed in 
sections, each section being a hollow shell of 
metal, and the sections being isolated from 
one another by an intervening transverse 

by the increased pressure in the fluid, caused layer of non-metallic packing of low conduc 
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tion of heat, extending across the hollow 
spaces and dividing them into separate cham 
bel's, substantially as specified. 

5. A reciprocating displacer constructed of 
three sections, namely, a hot section at one 
end, a cool section at the opposite end, and a 
neutral section between them, with isolating 
layers of non-conducting material interposed 
between the sections to prevent conduction 
of heat, from one to another. 

6. The combination with a fluid-chamber 
constructed of a heating-shell at one end, and 
a cooling-shell at the other, and having a 
stationary packing-ling, of a reciprocating 
displacer in said chamber constructed in sec 
tions, with its middle portion, which works in 
said packing-ring, cylindrical and with its 
end portion in said heating-section isolated 
from said middle portion by a non-conduct 
ing packing, substantially as specified. 

7. The combination with a fluid-chamber 
constructed of a heating-shell at one end, and 
a cooling-shell at the other, and having a sta 
tionary packing-ring, of a reciprocating dis 
placer in said chamber constructed in three 
Sections, isolated from one another, namely, 
a hot section located in the heating-shell, a 
cool section located in the cooling-shell, and 
a cylindrical neutral section between them 
which in the reciprocation of the displacer 
moves in said packing-ring, substantially as 
set forth. 

S. The con bination with a fluid-chamber 
constructed of a heating-shell at one end, and 
a cooling-shell at the other, of a reciprocating 
displace' in said chamber, a heat-regenerator 
located in a central tube formed in the dis 
placer and moving there with, and a packing 
ring between the shell and the displacer, 
adapted to prevent the passage of gases 
around the displacer, and thereby to force 
them through the regenerator, substantially 
as specified. 

9. The combination of a displacer con 
structed of sections laterally alined and con 
fined by a tube passing centrally through the 
sections, with a regenerator borne by and 
moving with the displacer, and located within 
Said tube, substantially as specified. 

10. The combination of a non-exhaust mo 
tor having heating and cooling jackets, with 
a Water-pump operated thereby and having 
its suction connected to the cooling-jacket of 
said motor, the water being caused to enter 
the jacket by the motion of the pump, where 

jacket at a pressure therein due to its head 
or pressure, and to the suction of the pump, 
and delivers it at a higher level, substantially 
as specified. 

11. The combination of a displacer, a work 
ing piston, and a crank-shaft constructed with 
cranks connected respectively to said working 
piston, and to said displacer, and adjustable 
relatively, in order to vary the lead of the dis 
placer, substantially as specified. 

ing piston, their respective connecting-rods 
and a crank-shaft, the latter constructed in 
sections having abutting disks by which said 
sections are connected together, whereby they 
may be angularly adjusted in order to vary 
the lead of the displacer over the piston, sub 
stantially as specified. 

13. In a single-acting motor, the combina 
tion with the working piston of a heating and 
cooling chamber on one side of such piston, 
and a cushioning and pumping chamber on 
the other side thereof, constructed to nor 
mally confine an unvarying charge of fluid 
which is compressed during the power-stroke 
of the piston and reexpands during the return 
stroke, substantially as specified. 

14. In a single-acting motor, the combina 
tion with the working piston of a heating and 
cooling chamber on one side of said piston, 
a cushion-chamber on the other side of said 
piston, and an inlet-valve opening into said 
cushion-chamber, substantially as specified. 

* 5. In a single-acting motor, the combina 
tion with the working piston of a heating and 
cooling chamber on one side thereof, a cush 
ion-chamber on the opposite side thereof, and 
a communicating passage extending.from the 
cushion-chamber and opening to the opposite 
side of the piston when the latter is at the end 
of its power-stroke, substantially as specified. 

16. In a single-acting motor, the combina 
tion of the power-piston, a cushion-chamber 
on one side thereof, a heating and cooling 
chamber on the opposite side thereof, an equi 
librium-channel leading from the cushion 
chamber to the heating and cooling chamber, 
provided with a check-valve opening toward 
the latter chamber, substantially as set forth. 

* 17. In a single-acting motor, the combina 
tion of the working piston, a heating and cool 
ing chamber on one side thereof, a cushion 
chamber on the other side thereof, an inlet 
valve opening into said cushion-chamber, a 
passage extending from the cushion-chamber 
to the heating and cooling chamber, and a 
valve in said passage opening toward the lat 
ter chamber, substantially as specified. 

18. In a single-acting motor, the combina 
tion of the working piston, a heating and cool 
ing chamber communicating with one side 
thereof, a cushion-chamber on the other side 
thereof, a passage connecting Said chambers, 
a by-pass valve in said passage, and means 
for opening said valve from the exterior to 
permit a free flow. of fluid around the piston 
and thereby to control the speed of the mo 
tor, substantially as set forth. 

19. In a single-acting motor, the combina 
tion of the working piston, a passage connect 
ing the chambers on opposite sides of the pis 
ton, a check-valve in said passage opening 
into the active-fluid chamber, and means for 
opening said valve from the exterior, in Or 
der to permit a flow of gases from the active 
fluid chamber, and thereby to control the 
speed of the motor, substantially as Specified, 

12. The combination of a displacer, a work-1 whereby when such means are in disuse the 
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function of said valve as a check-valve is not 
impaired. 

? ? 

2 ? 

25 

35 

45 

55 

20. In a non-exhaust motor, an auxiliary 
fluid - evaporating chamber and means for 
heating it, combined with the working cham 
ber of the motor, and a valved passage adapted 
to adunit the vapor generated in said evapo 
rating-chamber into said working chamber. 

21. In a non-exhaust motor, the combina 
tion of an auxiliary fluid-evaporating cham 
ber and means for heating it, the working 
Chamber of the motor, a val ved passage adapt 
ed to admit the vapor from said evaporating 
chamber into said working chamber, and a 
passage closed by a loaded valve adapted to 
allow a surplus of vapor to escape into the at 
mosphere or a condenser. 

22. In a non-exhaust motor, comprising a 
piston, its working chamber, and a combus 
tion-chamber, the combination there with of 
an auxiliary evaporating-chamber, a valved 
passage for admitting the vapor generated in 
Said evaporating-chamber into said working 
chamber, and means for heating said evapo 
rating-chamber consisting of a flue conduct 
ing the waste fire-gases from said combustion 
chamber into contact with said evaporating 
chamber. 

23. In a non-exhaust motor, the combina 
tion with an auxiliary fluid - evaporating 
chamber and means for heating it, the work 
ing chalmber of the motor, a valved passage 
adapted to admit the resulting vapor from 
said evaporating-chamber into said working. 
chamber, and a condensing - tube, together 
With a passage from said evaporating-cham 
ber into said condensing-tube, and a weighted 
valve normally closed, adapted to control said 
passage into said condensing-tube. 

24. In a non-exhaust motor, in combination 
with the heating and cooling shells contain 
ing Working fluid, of means adapted to in 
crease the range of the alternating tempera 
ture of such working fluid, consisting sub 
stantially of the connected working - fluid 
heating-chamber C, and cooling-chamber C. 
formed by shells C and C, in combination 
with pegs C integrally connecting either or 
both of said shells C, C, with their respec 
tive outer shells forming jackets of different 
temperatures around said connected working 
fluid chambers C, C, substantially as shown 
and described. 

25. A displacer formed of three hollow sec 
tions transversely divided, one end section 
thereof being tapered as the frustum of a 
cone, and arranged to reciprocate only within 
the cooling shell or chamber, the middle sec 
tion thereof formed cylindrical, and arranged 
to reciprocate alternately into the cooling 
chamber and into the heating-chamber, and 
the other end section thereof also tapered as 
the frustum of a cone, and arranged to re 
ciprocate only within the heating shell or 
chamber, together with heat and fluid inter 
cepting packing between said sections. 

Y 

26. A displacer consisting of three hollow 
Sections, separated by heat and current in 
tercepting packing, the two end sections ar 
ranged to reciprocate respectively in the cold 
and in the hot shells, and the middle section 
arranged to alternately enter both the cold 
and the hot shell. 

27. A displacer consisting of three hollow 
sections separated by heat and current in 
tercepting packing, the two end sections ar 
ranged to reciprocate respectively in the cold 
and hot shells, and the middle section ar 
ranged to alternately enter both the cold and 
the hot shell, in combination with a fluid 
channel through the displacer. 

28. In a non-exhaust motor, the combina 
tion with the heating-shell of the heating and 
cooling chamber, the furnace, and its flame 
space, offixed fire-brick intervening between 
the fuel and flame space, and the heating 
shell, whereby the burning out of the latter 
is prevented or retarded and the fuel combus 
tion is improved. 

29. In a non-exhaust motor, the combina 
tion with the heating-shell of the heating and 
cooling chamber, and the furnace, of fire 
brick with staggered or overlapping openings 
through the same, whereby the combustion 
is improved and the heating-shell protected. 

30. The combination with a non-exhaust 
motor, of a gas-furnace ha ving fire-brick in 
tervening between the flame-space and the 
heating-shell of the motor, and adjustable 
air-inlets into the flame-space, whereby com 
plete combustion may be attained, and the 
oxidation and destruction of the heating 
shell prevented or retarded. 

31. In a non-exhaust motor, the combina 
tion with the heating and cooling chamber, 
and a jacket upon its cooling-section, together 
with a cooling fluid adapted to pass through 
such jacket, of interchangeable inlets and 
outlets upon such jacket, whereby the tem 
perature within the same may be regulated. 

32. In a non-exhaust motor, the combina 
tion of the heating and cooling chamber and 
a displacer, both having tapered ends, where 
by the heating or cooling surface of said 
chamber laid bare by a reciprocation of the 
displacer is largely in excess of the stroke of 
the displacer, a regenerator through which 
the inclosed fluid must flow in passing be 
tween the hot and cool part of said chamber, 
and a packing-ring adapted to force the fluid 
to pass through said regenerator. 

33. The combination with a non-exhaust 
motor, comprising a heating and cooling cham 
ber and a displacer, and a working piston and 
cylinder, of means for determining the maxi 
mum working pressure of the non-exhaust 
fluid, consisting of a pumping cylinder and 
piston having a given clearance, an inlet 
valve from a supply of the working fluid open 
ing into said pumping-cylinder, and a valve 
controlled passage from said cylinder into the 
heating and cooling chamber, whereby the 
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clearance between said pumping-piston and tween such sleeve and the piston-rod at their 
its cylinder determines the working pressure upper ends, and a forked connecting-rod cou 
in the motor. pled to said wrist-pins at one end, and to the 

34. In a non-exhaust reciprocating motor, crank-pin upon the crank-shaft at the other I5 
5 the connection between the power-piston and end, whereby the dimensions of the motor, in 
the crank-shaft substantially as shown and the directions of its reciprocations, are re 
described, to wit, the power-piston, its piston- duced. 
rod, the piston-rod stuffing-box, a sleeve ROBERT CREUZBAUR. 
around such stuffing-box, formed with two op- Witnesses: 

Io posite wrist-pins, and adapted to slide upon JAMES A. R.IDIDEN, 
the said stuffing-box, a fixed connection be- OTTO V. THOMAS. 


